Our objective is to present 
Introduction
Although the development of finite element methods for industrial and scientific analyses has been actively pursued for almost half a century, see e.g. [1], there are still major challenges in the field. Indeed, the possibilities for further advances and exciting applications are daunting and will provide for much furlher excitement in research and developm ent 12,31. Three areas ofresearch that still require considerable developments are the analysis of general shell structures, the analysis of general Navier-Stokes fluid flows, and the solution of these flows fully coupled to shell sffuctures. We are focusing on the development of a new finite element approach to reach a solution scheme closer to the "ideal" solution method described in reference [10] .
The new finite element scheme is based on flow-condition-based interpolations, and hence is refered to as an FCBI finite element scheme [11] , satisfies mass and momentum conservation for the element control volumes used, gives reasonable solutions for even coarse finite element meshes, and can be used with consistent tangent matrices in the Newton-Raphson iterations. We review the FCBI scheme in Section 3 ofthe paper. To demonstrate these considerations in an analysis process, we consider the problem of the hyperboloid shell shown in Figure 3 solved using the MITC4 shell element.
Of course, the MITC4 element satisfies the ellipticity condition. To numerically assess consistency, we consider the shell to be entirely fixed at both ends (due to the symmetries of the problem, we model only one eighth of the structure). The shell problem is then a well-posed membrane-dominated problem, with p = 1 , see Table   3 . Figure 4a shown in Figure 4b and we see that indeed for all values of shell thickness, practically, the optimal order of convergence is obtained. The curves are observed to shift slightly as the thickness decreases. Furthermore, the analysis results converge to the results obtained using the displacement-based formulation, as indicated in We now continue the experiment using the same shell geometry and loading but we consider the structure to be entirely free at its ends. This is a well-posed bendingdominated problem, with p=3, see Table 3 . The analysis results using graded meshes are shown in Figure 5 . In this case as well, the optimal order of convergence is obtained, and the rate is independent ofthe thickness ofthe shell. 
Also, p is the density, p is the viscosity, I e R2 is a domain with the boundary 5=s"US, (s,ns, =A), r is the time span considered, v" is the prescribed velocity on the boundary .t,, f' are the prescribed tractions on the boundary S, and n is the unit normal to the boundary.
We note that the Navier-Stokes equations are selflconsistent up to very high ---The solution would be obtained using a Newton-Raphson iteration scheme that converges in a stable and fast manner.
---As the mesh is refined, the same good convergence properties in the NewtonRaphson iterations are maintained and increasingly more detail in the flow is revealed.
---As the mesh is refined, the convergence to the "exact" solution of the mathematical model would be optimal in convergence rate for the interpolation functions used.
--- To define the spaces used in the formulation, consider Figure 6 where we show a mesh of elements in their natulal coordinate systems. The figure shows a patch of typical 9-node elements and a "sub-element" which we use for the interpolation of th6 velocities. Each 9-node element is thought of to consist of four 4-node subelements.
The trial functions in U, arc defined as (15) (16) lf i]=nr,^' An important ingredient of the scheme is that the trial functions it V, are defined using the flow conditions along each side of the sub-element. The functions are, for the flux through a6, Finally, the elements in the space Q, are step functions. Referring to Figure 6 We demonstrate the solution scheme in some example solutions.
Example solutions using the FCBI procedure
We consider the S-channel flow problem shown in Figure 7 . This problem is difhcult to solve at higher Reynolds numbers because the corners in the geometry are forcing the flow to turn rapidly and a circulation exists in the horizontal exit section. We consider the flow at Re: 1, 100 and 10,000. Figure 8 shows the two meshes used (coarse and fine) and the computed results for the velocities and pressures obtained with the 9-node element. We note that the meshes are rather coarse and yet reasonable flow solutions have been obtained. Of course, for a given coarse mesh, we must expect that the solution does not change significantly as we increase the Reynolds number beyond a cerlain value, which depends on the mesh.
We have also developed a 4-node FCBI finite element using in essence the same formulation. In this case, each node catries as unknowns the velocities and the pressure. Figure 9 shows the solutions to the problem using the same meshes with the 4-node element. Similar solution results as with the 9-node element are obtained.
This element is particularly attractive because the matrices in the solutions have a much smaller bandwidth. Indeed, the equivalent S-node three-dimensional FCBI element is effective for three-dimensional solutions (see Section 4). ---The linear or nonlinear structure is described by a Lagrangian formulation; the structural response can be highly nonlinear.
---Contact and gap conditions can be included.
---The fluid can be described by the incompressible (with or without heat transfer)
Navier-Stokes equations.
---The fluid can be described by the fully compressible Navier-Stokes equations for subsonic, transonic and supersonic flows.
---The fluid flow can be modelled as laminar or turbulent flow.
---An arbitrary-Lagrangian-Eulerian formulation is used for the fluid.
---The mesh for the structure is usually completely independent, and different, from the mesh used for the fluid. 
